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Subject: Hydraulic model s tudies  of a proposed temporary i n s t a l l a t i o n  
s f  an ou t l e t  works valve a t  Anderson Ranch Dam--Boise Project ,  
Idaho. 

PURPOSE OF PIS STUDY 

Hydraulic model s tudies  wers conducted on a proposed tmporzry 
i n s t a l l a t i on  of a valve on the  Anderson Ranch D a n  power and outlek pen- 
stock t o  determine i f  the  f law from t h i s  valve would cause excessive 
d a i q e  t o  t h e  contractor'  s cofferdam o r  t he  t o e  of the  .main dam. 

CQJCLUSIONS 

The conclusions of t h e  model t e s t s  were: 

1. The high-velocity flow from the  84-inch needle valve 
placed at any locat ion i n  t h e  diversion tunnel would produce severe 
scour i n  t he  r i v e r  channel and pa r t i cu l a r ly  along the cofferdam. 

2. The f i o v  froa! a 72-inch hollow-jet valve f o r  the same 
locations would produce equally severe scour. 

3. Major s t ruc tu ra l  modifications t o  the  diversion channel 
would be required t o  cunt-rol the  hi&.-velocity water i n  t he  event 
t h a t  e i t h e r  of t h e  valves were i n s t d e d .  

4. The scour i n  t he  river chsnnel, adjacent t o  the cofferdam 
and the t o e  of the  main dam, will be reduced mater ia l ly  by regulat- 
ing the flow with the  bulkhead coaster  g a t e  and 1fnitin.g t he  head 
on the ga te  t o  100 feet .  

5. I f  t he  coaster  gate  i s  used t o  r e g d a t e  the  amount of 
water rel?ased, the  scour adjacent t o  t h e  cofferdam and a t  the toe  
of the dam may be reduced fur ther  by placing def lectors  on t h e  
f loor  end l e f t  siclewall near the end of the  l ined divsrsion channel. 



The fol lowing recommendations a r e  made: 

1. The i n s t a l l a t i o l l  of e i t h e r  a need1.c o r  hollow-Jet va lve  
on the  15-foot diameter penstcck i s  not recommended because of t h e  
severe  scour adjacent  t o  t h e  cofferdam c r i b  and t h e  t o e  of the 
main dam. 

2, Water s h o ~ l d  be re l eased  i n  t h e  same manner as dur ing  
1948; i.e., regula t ing  w i t h  t h e  c o a s t e r  ga te  a t  t h e  tunnel  i n l e t  
under heads no t  t o  exceed 100 f e e t  =and with open channel  f l o w  
occurril l& through t h e  conduit. 

3. If it i s  des i red  t o  minirrize t h e  scour at  t h e  base of the 
cofferdam, t h e  addi t ion  of a f l o o r  and sidewall  d e f l e c t o r  i n  t h e  
d ive r s ion  ch,mnef i s  recommended. 

Anderson hanch Dam i s  a compacted e a r t h - f i l l  s t r u c t u r e  approxi- 
mately 330 f e e t  h igh  loca ted  on t h e  south fork of t h e  Boise River  
about LO miles southeast of Boise, Idaho, Figure 1. The dam w i l l  form 
a r e s e r v o i r  15  m i l e s  long h t t h  a s t o r a ~ e  capaci ty of 500,000 acre-feet .  
k scillwa:,r and an o u t l e t  works a r e  Frovided a t  the l e f t  abutment of t h e  
dam t o  pass f loodwaters  and t o  r e l ease  water f o r  i r r i g a t i o n  and power 
generation, Ticure 2. 

Construct ion h a s  progressed s u f f i c i e n t l y  t o  permit s to rage  of 
excess  water  i n  t'ne r e s e r v c i r  a t  Anderson h n c h  D a i  d u r i s g  1949. The 
storage must be l i m i t e d ,  however, t o  about r e se rvo i r  e l eva t ion  1370 
t o  prevent  f looding of the  unfinished spi l lway and o u t l e l  works. Under , 

t h e  present  construction schedule, t he  permanent o u t l e t  works w i l l  not 
be completed by s m e r  and t h e  r e l e a s e  of water f o r  downstream u s e  o r  
t o  prevent I looding  t h e  spillhay must be made through t h e  p a r t i d l y  corn- 
p i e t ed  o u t l e t  f a c i l i t i e s .  I f  water i s  s t o r e d  above e leva t ion  4100.0 t h e  
bulkhead c o a s t e r  g a t e  a t  t h e  i n l e t  of the  20-foot diameter  t u n n e l  cannot 
b? used r'or r egu la t ion  as i n  1948 since t h e  head on the  gate would be 
i n  excess of 100 feet and the re  would be dant;er of seve re  damage t o  t h e  
g a t e  and t h e  t unne l  l inin,. .  It has proposed that e i t h e r  a needle  o r  
hollow-jet valve be i n s t a l l e d  by means of a t r a n s i t i o n  sectiorl  t o  t h e  
15-foot d i m e t e r  s t e e l '  penstock n c a r  t h e  o u t l e t  end of t h e  20-foot 
diamet.er concrete- l ined tunnel,  Figure 3 .  'ihe v&e would d i schz rge  i t s  
f low i n t o  t h e  e x i s t i r ~ ~ ;  concrete- l ined diversion channel. The 8&-inch 
needle  valve corisidered f o r  t h i s  arran::ement had a c a p a c i t : ~  of approxi- 
:?nt,ei:r ,!+,la' c i s .  at a head cf 300 f e e t ,  x h i l e  i;jc 72-hch hollow-jet 
va lve  had a tapacit;r of 2,750 cfs .  The p ro jec t  cocs t ruc t ion  o f f i c e  f e l t  



i f  improved flow concii.t,ions o r  savSngs i n  cos t  were realized.  

The excavation f o r  the  po-,~er~iouse foundatiori t o  t h e  l e f t  of  Lhe 
divers ion channel i s  protected by t h e  contractor t  s cof ferdnm, Fib?lre 3. 
The cofferdam consis ts  of a rock-filled sheet p i l i n g  and timber c r i b  
extending 110 f e e t  downstream from t;he l e f t  wall of the  channel, and 
an e a r t h - f i l l  d i k e  extending froin t he  c r i b  t o  t h e  old r i v e r  chamlei 
about 220 f e e t  f a r t he r  downstream. The toe of the main darn forms the  
r igh t  bank o'f the river channel below t h e  diversion s t ructure .  

Yydraulic model s tudies  were made t o  de t e m i n e  i f  t he  flow from 
the propcsed o u t l e t  f a c i l i t i e s  would cause excessive damage 
t o  t h e  cofferdam o r  the  t o e  of the  main dam. 

'IXE I N V B T I  CATION 

The Model 

A model was constructed on a 1:30 scale which included the '.ewer 
112 f e e t  of t he  15-foot diameter s t e e l  penstock, the l i a e d  diversion 
channel, and 300 f ee t  of the  excavated r i ve r  channel downstream, 
Figure 4. The model penstock consisted of a &inch ins ide  diameter 
s t e e l  pipe while t he  diversion channel was represented by a wooden 
chute l ined  wit11 sheet nietal. The riverbed was formed i n  compacted 
pea-gravel with coarsz gravel  placed a t  points  h e r e  heavy rock ex i s t s  
i n  the  prototype s t ructure .  The diversion channel and t h e  riverbed 
were contained i n  a l a rge  sheet-metal l ined,  wooden box with a t a i l -  
gate  placed at  the  downstream end for regulatirq;: the t a i lwa te r  depth. 
Water was supplied t o  the  model by the cen t r a l  laboratory system which 
contained ven tu r i  meters f o r  measuring the flow. The accurately 
mzchined brass valve used t o  represent the  8k-inch needlo valve was 
connected t o  t h e  penstock by a reducing sect ion s imi lar  t o  the  t rans i -  
t i o n  avai lable  a t  Grand Coulee Dam. A 2-inch hollow-jet va lve  was 
avai lable  f o r  the  model and alt.housh t h i s  valve was too srnall  t o  
represent  the 72-inch p ro to tme  valve OK the 1:30 scale,  it was used 
t,o obtain an indicat ion of the  conditions which n i sh t  be expected i f  
the  hollow-jet valve were used. 

Scope of Tests 

Tests were f i r s t  conducted with the 84-inch need15 valve placed 
near the o u t l e t  por ta l  of the  20-foot diameter d ivers ion tunnel  and 
the  flow discharging i n t o  t h e  l i ned  diversion chenne:. After severe 
scour was observed in the  r i v e r  bottom at t h e  end of the  divers ion 
ch<umel and along the toe  of the  co fferdan the  study was expanded t o  
inves t iga te  t h e  e f f ec t  of varying the  locatiorl and elevation of the  



hollow-jet valve was sLudied on t h e  model t o  d e t s m i n e  if irnproved 
f low co r~d i t ions  could be obtained by us ing  one of t h e  72-inch hollow- 
j e t  valves of  the ~ e r m ~ m e n t  o u t l e t  works. 'I'hc cond i t ions  obtained 
were s u b s t a n t i a l l y  t h e  same as f o r  t h o  needle v d v e .  It tllus became 
evident  t h s t  major s t r u c  t u r d  a l t e r a t i o n s  t o  the d-iversion channe'l 
would be required t o  prevent excessive darnage i f  2 valve  were 
i n s t a l l e d ,  Such a l t e r a t i o n s  were not  considered f e a s i b l e  due t o  t h e  
telnnorary naturi! of the j-nstlzflation and becaurse o f  i n s u f f i c i e n t  time 
f o r  cons t ruc t ion ,  The orily remain in^ means of con t ro1 l in i : t he  flow 
o f  water throu;h t h e  unfinished o u t l e t  works w3s Lhe bulkhead gate, 
tfle u se  of which would permit a maxhum s to rage  e l e v a t i o n  of' WOO, 
S t u d i e s  were made of t h i s  method with the 15-foot di.uneter s t e e l  
penstock terminated a t  S tabions  18+46.00 and 17+50.00 t o  d e t e m i n e  
the e f f e c t  of t h e  I.osaticn of  t h e  end of t h e  s t ee l  conduit  upon t h e  
flow co:~rlition..: i n  t h e  d ive r s ion  channel. The e f f e c t  of ;:,inor a l t e r a -  
t i o n s  t o  the  d i v e r s i o r ~  c h m n e l  upon t h e  f low condi t ions  don:: t h e  t o e  
of  t h e  d m  and cofferdam were a l s o  s tudied .  

Eighty-fuur-inch Needle Valve at, Scat ion  18+46.00 

The model was arrznged t o  r ep resen t  t h e  El+-inch needle valve 
c o n n ~ c t e d  by m e a s  of a reducing s e c t i o n  t c  t h e  1-5-foo5 diameter  
penstock a t  S t a t i o n  18+46.00, F i s r e  4. All. model t e s 5 s  were made 
with the va lve  i n  t h e  wide-open p o s i t i o n  s i n c e  t h z t  wwns t h e  opera t ion  
intended for the prototype s t r u c t u r e ,  The valve was operated a t  hezds  
rep-esent ing up t o  326 f e e t  m a  discilargos t o  1+,210 c f s .  

A t  heads fro13 140 t o  200 f e e t  t h e  o b s t m c t i o n  presented by t h e  
powerhouse i n s e t  on t h e  l e f t  will ci the  d ive r s ion  c h a r ~ e l ,  Fi-qure 3,  
nroduced a heavy f i n  th;l.t was thrown ove r  the  downstream p o r t i o n  of t h e  
r i g h t  w a l l  of the channel. Severe s c o u r  occurred i n  the  r iverbed  and 
d o n g  t h e  sheet-pixin,: o f  t h e  cofferdam. 

A t  h ighe r  heads t h e  v e l o c i t i e s  were so g-aat t h a t  t h e  shee t  o l  
water  j ~ u n ~ e d  f r e e  ol" t h e  concreLe s lope  at t h e  end o f  t h e  chznnel  and 
plunged i n t o  the  pool beyond t h e  end of  the  d i v e r s i o n  channel, Fi ,yre Sa, 
Severe scour resu l ted  i n  t h e  r iverbed,  p a r t i c u l a r l y  a long  the  cofferdam 
and t h e  t o e  of the rnain dan, Fi,gure 5b. The shee t -p i l ing  a d  t h e  c r i b  
were heavi ly  buffe ted  by t h e  hi&i-valocity water. 11.1. a t tempts  t o  
o b t a i n  acce?table flow coaditicsns by t h e  use  of d e f l e c t o r s  on t h e  iralls 
m d  f l o o r  of the d i v e r s i o n  chnnnel and varying the  e l eva t ion  of t he  vnlve 
were unsuccessful.  T h i s  was due i n  p a r t  t o  the  fact t h a t  t h e  high 
v e l o c i t y  water  could riot b2 def l ec t ed  away! fro: i  t h e  d ike  without daruag- 
inL; t h e  t oe  of t h e  dam, and a l s o  t o  t h e  f a c t  t h a t  any s t r u c t u r a l  
arran::enent found s a t i s f a c t o r y  f o r  a c e r t a i n  range of heads  was t o t a l l y  
 satisfactory for  otherheads. A s  t h e  heads on the  prototype s tsuc-  
t u r e  w i l l  vary about 300 feet,  such l i m i t e d  cond i t ions  would n o t  be  

u acceptable.  It was co!~cluded t h a t  t h e  ex tens ive  image t o  t h e  cof fer -  
dam 2nd t o e  of t h e  liiain c l a n  co:lld not be e l imin i~ ted  without  resorting 
t o  major s t r u c t u r ? J  chanzes. 



The needle valve was moved upstream t o  a point  representing 
S t a t i on  17+50.00. The sec t ion  of 20-foot diameter tunnel downstream 
from the  valve was represented by an 8.-inch transparent  p l a s t i c  pipe 

9 t o  f a c i l i t a t e  observing flow conditions i n  t h e  tunnel. A t  moderate 
heads t he  water Fomed f i n s  which rose on t h e  s ides  and impinged on 
one another a t  t h e  t op  of  the  tunnel ,  making it l i k e l y  t h a t  any con- 

4 t r o i  piping placed on t he  roof would be torn  away. Lowering t he  
vtllve i n  the tunnel  improved t h i s  condit ion but had no e f f ec t  on the  
&wage wrought downstream. The flow i n  t h e  diversion channel w a s  
more uniform and occurred w i t h  l e a s  spray. The scour i n  t h e  r i v e r  
channel and buffe t ing on t he  p i l i n g  f o r  a l l  v d v e  e lsvat ions  were as 
severe as  with the valve i n s t a l l e d  fu r t he r  downstream and therefore,  
t he  arrangements were considered unsatisfactcry.  

Hollow-jet V a l v e  a t  S t a t i on  18+46.E 

The ac t ion  using a 72-inch hollow-Jet valve could not  be studied 
i n  d e t a i l  because the  proper s i z e  valve was not avai lable  fo r  t h e  
model. A smaller valve, equivalent t o  a 60-inch valve on the  1:30 
sca le ,  was i n s t a l l ed  a t  a p o i t t  representing S ta t ion  18+46.00 on t he  

' penstock. The b r ie f  t e s t s  nade with t h i s  valve showed t h a t  similar 
scour t o  t h a t  produced by t h e  needle valve m u l d  be encountered. There 
would, therefore,  be no advantage i n  using tihe hollow-jet valve i n  
place of t h e  needle valve, 

Rewlat ion by Bulkhead Coaster Gate 

Because of the  unfavorable r e s u l t s  of t h e  t e s t s  i n  which t h e  
valves were used f o r  control ,  consideratior? was given t o  rekxlaking 
t he  outflow with the  bulkhead coastaz gate and l imi t ing  the maximum 
head on the  ga te  t o  100 f e e t .  The operation would be s imi la r  t o  t h a t  
used during t he  1948 season but the f low conditions might d i f f e r  i n  
that t h e  15-f oot s t e e l  penstock has been extended much nearer  t h e  
downstream en.d of the tunnel. Vith the  model penstock terminated a t  
a po in t  representing Sta t ion  18+&6.00 and w i t h  t h e  equivalent of 
lr,210 c f s  flowing a t  a veloci ty  of 80 f e e t  per second id t h e  p a r t i a l l y  
f i l l e d  penstock, lapre f i n s  formed a t  the w a l l s  of t he  chennel where 
t h e  jet from t h e  penstock inpinged on the charnel f l oo r ,  Eigure 6b. 
Considerable scour occurred a t  the end of ff~e concrete l in i i ig  and 
along the cofferdam, Figure 6c, and 6 gravel bar was formed across 
the river 9h;ulnel a t  a point  about 120 feet dawnstrean. The erolrion, 
though ext tns ive ,  vas much less than occurred w i t h  e i t h e r  valve in- 

w s ta l l ed .  

The s i m i l a r i t y  sf flow conditions between model and prototype is 
shown i n  Figure 6, a and b. 
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arvers ion  channel at  a po in t  near  t h e  downstream end i n  an at tempt t o  
reduce t h e  scour, Figure 7. The water was deflected away from t h e  
cofferdan, spread, and thrown a s l ~ o r t  d i s t ance  downstream, Figure 8a. 
The moutlt of scour a t  a l l  p o i n t s  i n  t h e  r i v e r  channel was m a t e r i a l l y  
reduced, Figure 8b. 

S l i g h t  improvement i n  flow condit ions,  with smal le r  f i n s  along 
t h s  channel s idewalls ,  was obteined by te rminat ing  t h e  model penstock 
a t  a poin t  r?.presenting S t a t i o n  17+50.W. However, t h e r e  was no 
appreciable d i f fe rence  i n  t h e  scour  p a t t e r n  o r  t h e  flow a c t i o n  a t  t h e  
end of t h e  d ive r s ion  channel. Large f i n s  formed i n  t h e  tunne l  where 
t h e  j e t  from t h e  penstock impinged on the  tunne l  i nve r t .  The o n l r  
apparent b e n e f i t  derived from t h e  s h o r t e r  penstock was a s l i g h t  
improvement i n  t h e  flow condi t ions  wi th in  t h e  d ivers ion  channel. The 
e f f ec t iveness  o f  t h e  d e f l e c t o r s  placed on t h e  l e f t  w a l l  and f l o o r  
near  t h e  end of t h e  d ive r s ion  channel i n  t h e  previous t e s t  was no t  
a l t e r e d  by t h e  change i n  penstock length .  From t h e s e  t e s t s  it was . 
concluded t h a t  it was inrmaterial whether t h e  penstock t s m i n a t e d  at 
t h e  tunnel  p o r t a l  o r  some d i s t ance  upstream from it. 











A. Flo-' conditions in d ive ro ion  and r i v e r  c h m t t l n  w l t 1 1  
v d v o  diochargc of 421~ c f o .  



A .  Flow i n  prototjrpc. r i v e r  cfiannol w i t h  f l o w  of le1'73 B~C-ft. 

. Flov in d i v e r o i o r ~  and r i v e r  channu~rr i;f xnodvi w i L l l  11 cLrac:imgt: 
of 121( c f a  n t  Y o  f / n  vrtlocit-:. 

C .  S c o w  af ter  1:: ninut l jn  m o d u l  optxctt ior: nt. !-21(. c f :~ .  
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